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Abstract
A new result for the transverse µ+ polarization, PT , in the decay K
+ → pi0µ+ν
has been obtained in the KEK E246 experiment. Combined with our earlier result,
PT = (−1.12 ± 2.17(stat) ± 0.90(syst)) × 10
−3 and Im(ξ) = (−0.28 ± 0.69(stat) ±
0.30(syst)) × 10−2, which are consistent with no T-violation.
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1 Introduction
The transverse muon polarization, PT , in the decay K
+ → pi0µ+ν (Kµ3) provides a good
opportunity to search for CP-violation beyond the Standard Model (SM), and it can
provide insight into the origin of CP-violation. This polarization vanishes in the SM [1],
but it can be as large as 10−2 − 10−3 in models with multi-Higgs doublets, leptoquarks,
left–right symmetry or SUSY [2]. Since the contribution to PT from final state interactions
was found to be < 10−5 [3], a larger value of PT would be a clear indication of physics
beyond the SM by inferring a non-zero Im(ξ), where ξ(q2) = f−(q
2)/f+(q
2) is the ratio
of two form factors, f±(q
2) in the Kµ3 decay matrix element [4]. The previous result,
PT = (−4.2±4.9(stat)±0.9(syst))×10
−3 and Im(ξ) = (−1.3±1.6(stat)±0.3(syst))×10−2
was obtained in [5] for the 1996-97 data set. In this paper we present a new result of one
of the analyses of the data collected in 1998-2000 combined with our previous published
result.
2 Experiment
The E246 experiment was carried out at the KEK 12-GeV proton synchrotron. Detector
elements are described in Ref. [6]. In this experiment, the Kµ3 decay of a stopped K
+ is
identified by detecting the pi0 as well as the µ+ from the decay. The E246 setup is shown in
Fig. 1. A 660-MeV/c kaon beam is slowed down in a degrader and stopped in a scintillating
Figure 1: Setup; (a) side view, (b) front view, and (c) one sector of the polarimeter.
fiber target. The energy and direction of the pi0 from the Kµ3 decay are measured by a
segmented CsI(Tl) photon detector installed in the central region of a superconducting
toroidal magnet. A muon from the Kµ3 decay at rest is momentum–analyzed in magnet
gaps by tracking in the stopping target, a scintillating ring hodoscope surrounding the
target, and three MWPCs (C2, C3, C4). The muon exiting the spectrometer is stopped
in a polarimeter in which the decay positron asymmetry AT is measured in order to
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obtain PT . The polarimeter consists of 12 azimuthally arranged Al stoppers, aligned with
the magnet gaps, with scintillator counter system located between the magnet gaps. A
positron from the decay of µ+ → e+νν¯ is detected by plastic scintillator counters located
between the stoppers.
In the new analysis, theKµ3 event selection is similar to [5]. The µ
+ momentum region
of 100–190 MeV/c was used to remove theKpi2 decays. Most of the muons from pion decay
in flight in Kpi2 are rejected by using the χ
2 cut in tracking. Neutral pions from the Kµ3
decay are identified either by γ− γ coincidence in the CsI and applying a cut on the pion
invariant mass (2γ events), or by one detected photon with large Eγ (1γ events). The
Ke3 events which also satisfy these requirements are removed by time-of-flight. In-flight
kaon decays were suppressed by a requiring a delayed decay after a K+ is stopped. The
“good” Kµ3 events were separated into two classes: fwd events with the angle between
pi0(γ) and beam direction θpi0,γ < 70
◦ and bwd events with θpi0,γ > 110
◦.
The signal was extracted by integrating the positron time spectrum from µ+ → e+νν¯
decays of muons stopped in the polarimeter after subtraction of the background. The T-
violating asymmetry AT is obtained as a difference in the counting rate between clockwise
(cw) and counter-clockwise (ccw) emitted positrons. Summing of the cw (Ncw) and ccw
(Nccw) positron counts over all 12 sectors, AT is derived from
AT =
1
4
[(Ncw/Nccw)fwd
(Ncw/Nccw)bwd
− 1
]
. (1)
Then, PT = AT/(α ·f), where the analyzing power of the polarimeter is α = 0.281±0.015,
obtained from asymmetry measurement of the in-plane component of µ+ polarization,
PN , by selecting pi
0s emitted transverse to the beam and comparing to a Monte Carlo
calculation. The kinematic attenuation factor f results from accepting fwd and bwd
events with |cosθpi0,γ | > 0.342 and was also obtained from a Monte Carlo calculation. It
has different values for 1γ and 2γ events: f = 0.72− 0.77 for 2γ and f = 0.56− 0.66 for
1γ events, depending on the background level in the CsI. Then, Im(ξ) = PT/Φ, where
Φ ≃ 0.33(0.29) for 2γ (1γ) events is a kinematic factor obtained from the analysis of the
Kµ3 Dalitz distribution.
The contamination of the beam accidental backgrounds in “good” Kµ3 events was
about 8% (2γ), ∼ 9% (1γ), and the constant background in the polarimeter was 11−12%.
These backgrounds only diluted the sensitivity to PT by 10%, but they did not produce
any spurious T-violating asymmetry. The main systematics uncertainties in PT come
from the two large in-plane components of the µ+ polarization, PL which is parallel to
the muon momentum and PN (PT ≪ PN,L ≤ 1). The largest systematic errors are due to
the misalignment of the polarimeter, the asymmetry of magnetic field distribution, and
the asymmetrical kaon stopping distribution. Most of these effects are canceled by the
azimuthal symmetry of the detector as well as by the fwd/bwd ratio. For example, the
effect of the kaon stopping distribution is reduced by more than a factor of 10 [?]. The
total systematic error of PT is estimated to be the same as that of the previous result [5].
The data analysis was performed by two independent groups. Both analyses obtained
consistent results for 1996-97 data set (see Ref. [5]). The result for 1998-2000 data set
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was obtained by one of the analyses.
3 Result
In 1998–2000 we selected about 4.4 × 106 “good” Kµ3 events. To check the stability of
the result, all data–taking periods, including 1996-97, were divided roughly in 100-hour
time intervals, and AT for 1γ and 2γ events in each interval were calculated. The results
are presented in Fig. 2. The average asymmetries for both classes of events are consistent
Beam cycle
Beam cycle
Figure 2: T-violating asymmetry consistency check for 2γ and 1γ Kµ3 events. Independent
statistical errors are shown. Vertical arrows separate three long beam cycles. For 1996-97
cycle the results of one of the analyses are plotted.
with zero within a ±1σ interval.
Combining the new and previous results1, we obtain preliminary PT = (−1.12 ±
2.17(stat) ± 0.90(syst)) × 10−3 and Im(ξ) = (−0.28 ± 0.69(stat) ± 0.30(syst)) × 10−2,
consistent with no T-violation in Kµ3.
1For the previous result the newly obtained value of α was also applied
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